Yb 3+ -and Tm 3+ -doped KLu(WO 4 ) 2 crystals are highly efficient laser media that can be pumped by laser diodes and operate in continuouswave q-switched and mode-locked regimes.
Figure 1. (a) Morphology and single crystals of (b) undoped, (c) 5% Yb-doped, and (d) 3% Tm-doped KLu(WO 4
cations, the anisotropy of its thermo-mechanical properties can introduce some limitations. However, these issues can be addressed by careful design of the active elements and efficient thermal management.
For instance, two polarizations parallel to the N m and N p principal optical axes have been shown to be useful for laser operation with Yb 3+ -and Tm 3+ -doped KLuW. 2 Both ions can be used for pumping, either separately or together when pumping with unpolarized diode lasers, which is important for power scaling. While the gain is normally higher for E//N m , the E//N p polarization can have some advantages related to spectral features such as absorption or emission. The choice of any of these two polarizations therefore allows more propagation direction flexibility because
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KLuW is a biaxial crystal, meaning that it has two optical axes along which an incoming beam can propagate at the same speed. This feature can be used to optimize the thermal management or the nonlinear properties in the case of stimulated Raman scattering (SRS) or mode-locking.
We achieved extremely high slope efficiencies, approaching the theoretical limits, for CW laser operation with both Yb 3+ -and Tm 3+ -doped KLuW crystals. 2 In both cases, diode pumping successfully achieved multiwatt output powers. While the slope efficiencies with epitaxial composites were rather high, problems related to non-radiative and heat-generating processes at high doping levels remain to be addressed. The purity of the materials used for the flux growth process will be an important factor for advances in this direction. Once the impurity problem in the KLuW host solved, we expect that such epitaxies could lead to a breakthrough in thin disk laser design by allowing the reduction of its geometry to a single pump pass with extremely efficient one-dimensional heat removal.
We demonstrated impressive tunability in Tm-lasers, both bulk and epitaxial, in the 2µm spectral range. The gain bandwidths are quite large, both for Yb and Tm, meaning that passive mode-locking can produce sub-100fs light pulses. However, since semiconductor saturable absorber mirrors are at present only available for the 1µm spectral range, we were only able to demonstrate this feature for Yb 3+ :KLuW lasers, both bulk and epitaxial. The KLuW host is also attractive for SRS, which can be realized in a single cavity using the same doped crystal and passive Q-switching. We achieved this regime with Yb 3+ :KLuW and a saturable absorber producing sub-nanosecond pulses.
Future work will be focused on improving heat removal using special geometries for the active elements (thin slabs or disks) as well as implementing the use of reflective and antireflection coatings to simplify the cavity design and further scale the output power. However, the use of thermally insensitive orientations for power scaling will require knowledge of the KLuW thermo-optic coefficients. These crystal parameters, together with the nonlinear refractive index, are important for mode-locked and high-power operation and are presently under study. Special coatings of the cavity mirrors are also expected to allow the generation of even shorter mode-locked pulses with Yb 3+ :KLuW by supporting spectrally broader gain, extending closer to the pump wavelength. This feature characterizes quasithree-level laser systems where the gain bandwidth depends on the achievable inversion. The search for suitable passive elements with saturable absorption for Q-switching and modelocking in the 1.9µm spectral range will also continue. Both regimes are presently investigated with Tm 3+ :KLuW. CT-2003-505580) funding.
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